Frequencies of blood meals and survival rates of vector mosquitoes are important parameters influencing transmission efficiency of pathogens. We applied the time series analysis proposed by Holmes and Birley (1987) for estimation of gonotrophic cycle lengths and survival rates of Culex tritaeniorhynchus and Cx. gelidus, Japanese encephalitis (JE) vectors in Thailand.
Introduction
Vector survival rate is a key parameter determining the transmission efficiency of pathogens by arthropods. Various methods have been proposed for survival rate estimation of female mosquitoes (Service 1993) . Among them, the method based on parous rate (Davidson 1954) has widely been used due to its simplicity. However, the method assumes that the target population has stable age structure, which is rarely found in the field. Furthermore, for estimation of daily survival rate, it requires gonotropic cycle length (an interval between two successive blood meals) determined separately. Birley and Rajagopalan (1981) introduced an innovative method based on time series analysis using daily numbers of total and parous females. An advantage of this method is that both gonotrophic cycle lengths and survival rates can be estimated from field data without assuming stable age structure. Holmes and Birley (1987) improved the method so as to remove spurious but significant correlation due to external factors such as weather. These methods or their modified versions were applied for survival rate estimation of malaria and other disease vectors in various geographical regions generally with successful results (Service 1993) .
Japanese encephalitis (JE), one of the important mosquito-borne diseases in Thailand, is now expanding its prevalence up to a thousand cases per year.
The disease regularly occurs during the rainy season, corresponding with high densities of vector populations. Several studies on JE vectors in Thailand (Gould et al. 1974; Mori et al. 1983; Leake et al. 1986; Somboon et al. 1989; Ginglich et al. 1992) revealed that, besides Culex tritaeniorhynchus Giles, Cx. gelidus Theobald, Cx. fuscocephala Theobald, and Cx. vishnui Theobald may be involved in the transmission of JE virus. Mori et al. (1983) and Somboon et al. (1989) had used Davidson's method to estimate daily survival rates of JE vectors by assuming the gonotrophic cycle duration of 3-4 days. This paper presents the result of a trial study of applying Holmes and Birley's (1987) method to estimate survival rate of Cx. tritaeniorhynchus and Cx. gelidus in Pathum Thani, a suburban area near Bangkok. One feature in this area was that main blood source animals were protected by mosquito nets at night.
Materials and methods

Mosquito collection
The study was done in Amphoe Lat Lum kaeo, Pathum Thani Province, west of Bangkok. The area was mostly consisted of rice fields, including human houses with 962 residents and animal sheds with 50 cattle, 30 buffaloes, 20 goats and 17 pigs. Humans used mosquito nets when they slept at night. Most animal sheds were covered with mosquito nets after sunset. The other blood sources available in the area were dogs, chickens, ducks and wild birds such as egrets. During the study, most rice fields had been filled with water due to frequent rain.
Mosquitoes were collected at two animal sheds, one with 12 buffaloes and the other with 5 pigs. The distances between thesesheds was about 1.5 km.
Traps used for mosquito sampling were modified from the Fujihira super light trap (Malainual 1988 ) by using 1 kg dry ice as an attractant instead of light.
This sampling method was adopted to keep the sampling efficiency constant and to exclude non-biting insects such as moths and beetles. Traps were hanged at 1.5 m above the ground under the eave of the animal sheds and were operated Trapped mosquitoes were stored in an ice box and brought back to the laboratory for examination on the following day. Only unfed females were processed. After identification and count, Cx. tritaeniorhynchus and Cx. gelidus were dissected and the tracheation of ovaries was examined to distinguish between nulliparous and parous (Detinova 1962) . The maximum of 100 females for each species were dissected. When more than 100 females were collected, numbers of parous females in total catches were interpolated the with parous rate of 100 females.
Estimation of gonotrophic cycle and survival rate
Gonotrophic cycle lengths and survival rates were estimated by the method of Holmes and Birley (1987) . The key assumption of this method is that females having blood meals on day t are parous when they take the next meal on day t+d. Hence, it is expected that there is a positive correlation between the number of total females on day t(T t ) and that of parous females on day t+d (M t+d 
Where z t = time series filtered, x t = time series to be filtered, and α = autoregression
Calculation of CCs followed a standard correlation coefficient formula. When
CCs were larger than 2 number of samples in time series, the departure from zero was regarded as significance at P<0.05. 
Results
Species composition and density
Nearly a thousand of female mosquitoes were collected each night, most of them were Cx. tritaeniorhynchus and Cx. gelidus (Table 1 ). The trap operated at the buffalo shed collected mosquitoes 8 times of the collection at the pigsty.
Of females captured at the buffalo shed, 54% were Cx. tritaeniorhynchus, whereas, this species occupied 70% at the pigsty. Cx. gelidus represented 43%
and 24% at each shed, respectively. Other mosquito species of Culex, Mansonia, Anopheles and Aedes were collected less than 10% of the totals at both collection sites.
Numbers of Cx. triaeniorhynchus and Cx. gelidus females fluctuated widely from day to day at both sites (Table 2) , but there were no tendencies for the population levels either to increase or to decrease. Correlations between numbers of the two species was significant at the buffalo shed (r = 0.89, 
Survival rate
Significant peaks of CCs between total and parous females were detected at a lag of 5 days for Cx. tritaeniorhynchus and at a lag of 8 days for Cx.
gelidus at the buffalo shed (Figure 1 ). Estimated survival rates per gonotrophic cycle were larger than the mean parous rate for Cx. tritaeniorhynchus but smaller for Cx. gelidus (Table 2 and 3 ). Daily survival rates assuming constancy during the cycle were within the range of 70-80% (Table 3) .
CCs were not significant for both species at the pigsty, therefore gonotrophic cycle lengths and survival rates could not be estimated by the method of Holmes and Birley (1987) . 
Discussion
The obtained results clearly indicated both advantages and limitations of the time series analysis of Holmes and Birley (1987) . Data at the buffalo shed yielded significant CCs, which enabled estimation of gonotrophic cycle lengths and survival rates. In contrast, data at the pigsty failed to yield significant CCs.
The two collection sites were in the same village, 1.5 km apart from each other.
However, there was no correlation between mosquito numbers at both sites.
This means that the fluctuation pattern of mosquito densities at each collection site reflected the mosquito abundance in the study area and the micro condition at each site. The latters includes such factors as the direction and strength of wind, and the density and size of trees and architecture around each site. They would influence the spatial distribution of flying mosquitoes (Bidlingmayer 1975) .
The difference in attractiveness between the two collection sites might also have contributed to the different fluctuation pattern in mosquito numbers.
Buffaloes in the shed were more abundant and individually much larger than pigs in the pigsty. The buffaloes were mature, while the pigs were of 3 months after birth. Attraction ranges of baits for mosquitoes depend at least partly, on the number and size of baits (Gillies and Wilkes 1972; McIver and McElligott 1989) .
Therefore, the buffaloes was certainly much more attractive for host-seeking mosquitoes than the pigs. In fact, 8 times more mosquitoes were collected at the buffalo shed. Probably, samples at the buffalo shed better represented the mosquito population in the study area.
The gonotrophic cycle length of 5 days detected at the buffalo shed for
Cx. tritaeniorhynchus was longer than 3 days determined in Japan by the markrecapture method (Buei et al. 1980) . The 3-day cycle corresponded to the shortest period observed in the laboratory (Kawai 1969) . The man interval between two successive blood meals was about 4 days at 27 °C (Kawai 1969) , therefore the 5-day cycle is a reasonable estimation. By the mark-recapture study for Cx.
tritaeniorhynchus in Pakistan, 5-8 days were detected as the period from emergence to the first oviposition (Reisen et al. 1978 Parous rates observed in this study were lower than 30-70% reported for these mosquito species (Harada et al. 1967 (Harada et al. , 1968 Aslam et al. 1977; Reisen et al. 1986; Somboon et al. 1989 ), but were similar to 15-22% in some reports (Buei et al. 1982; Mori et al. 1983 ). Sampling in this study was limited to 1 hour after sunset. Parous rates of Cx. tritaeniorhynchus might increase towards later part of night (Aslam et al. 1977 ), but Reisen et al. (1986) found that, on average, a half of the females attracted to cattle during 30 minutes after sunset were parous. Therefore, a short sampling time limited to evening was not a reason of relatively low parous rates. During the study, breeding habitats of the vectors were abundant due to wet rice fields. These habitats probably produced high numbers of new adults, lowering parous rates.
Protection of main blood source animals with mosquito nets may also had an influence on the low parous rate. In addition, it may have made the detection of significant CC peaks more difficult as exemplified for the data obtained at the pigsty. Increased difficulty in access to blood sources would make feeding success less synchronized, which could render feeding peaks indistinct. Impact of animal protection on mosquito populations and JE epidemiology, either desirable or undesirable for humans, deserves further research.
Daily survival rates calculated by Buei et al. (1982) and Mori et al. (1983) were 60% odd, because they combined low parous rates with a gonotrophic cycle length of 3 days. Our estimates with longer cycle lengths directly obtained for the target population are comparable to 70-90% in other reports.
Summarizing, Holmes and Birley's (1987) method could be an effective tool in studies of Japanese encephalitis vectors. However, it is noted that this method is not robust but rather sensitive to conditions at collection sites.
Establishment of a standard sampling technique, which can increase the efficiency of this method, is desirable.
